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ABSTRACT

The current COVID-19 pandemic has been continuing for over 11 months. Several nutritional and behavioral
aspects have been associated with an increased inflammatory state or oxidative stress, which could
negatively affect the course of COVID-19. Previous research showed that metabolic diseases, includ-
ing obesity or type 2 diabetes mellitus (T2DM), in which proper diet is especially important, increase
the risk of COVID-19 and can exacerbate its course. This should be taken into account particularly in
the areas with high prevalence of obesity and T2DM, such as the Western countries. In our paper, we
briefly summarized the harmful and beneficial nutritional and behavioral aspects that are essential dur-
ing the COVID-19 pandemic and which are present in particular among patients with obesity and T2DM.

Introduction According to the reports of
the World Health Organization (WHO), we can
constantly observe a growing number of new con-
firmed cases of COVID-19. Currently, over 120
million cases have been confirmed, with almost
3 million deaths worldwide.! Obesity and diabe-
tes constitute recognized risk factors of upper
respiratory tract infections and, as shown in re-
cent studies, can be associated with a more se-
vere course of COVID-19.%% Patients with a BMI
higher than 35 kg/m? presented a higher risk of
admission to an intensive-care unit (ICU) among
all hospitalized patients in the United States.*
Moreover, in France, almost 48% of ICU pa-
tients had a BMI exceeding 30 kg/m?, whereas
over 28% of such patients showed a BMI high-
er than 35 kg/m?° In fact, patients undergoing
invasive mechanical ventilation had an average
BMI equal to 31.1 kg/m?, while those without
invasive mechanical ventilation presented low-
er BMI values (mean, 27 kg/m?).° The rate of di-
abetic individuals admitted to hospital with se-
vere COVID-19 varied from 11% to 35.5% depend-
ing on the source.®’ Although the prevalence of
type 2 diabetes mellitus (T2DM) in COVID-19 pa-
tients could be lower than in the general popula-
tion, recent research demonstrated that diabetes

was associated with worse prognosis and more
severe course of the disease.?? Moreover, diabet-
ic patients were more likely to have severe com-
plications and showed a higher risk of death due
to infection.

On the other hand, it is essential to bear in
mind that the global lockdown has resulted in
major changes both in the dietary and behavior-
al patterns, which, among other aspects, have
led to weight gain; for example, almost 30% of
the studied adults in Poland noticed an increase
in weight during lockdown."® Furthermore, rap-
id spread of SARS-CoV-2 forced the authorities
of many countries to implement social isolation
of their citizens. These actions were intended to
decrease the number of new cases; however, they
were also the cause of numerous lifestyle changes.
In fact, isolation, lockdown, and the impossibili-
ty to use public sports facilities, as well as the un-
stable economic situation significantly influenced
the lifestyle behaviors worldwide.""'? During iso-
lation, the level of physical activity decreased by
27%, whereas the consumption of unhealthy food,
snacking, or uncontrolled food intake increased."
Since obesity and T2DM are strongly associat-
ed with nutritional and lifestyle factors, preven-
tive strategies should focus also on behavioral
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approach. In our paper, we described selected po-
tentially harmful and healthy behavioral factors
which can be crucial during the COVID-19 pan-
demic. However, it should be noted that stud-
ies evaluating the influence of diet, dietary hab-
its, and behavior on the risk of COVID-19 and its
course are scarce. Our review discusses the few
available reports and is mostly based on studies
focused on other viral infections.

Harmful behavioral approaches during the COVID-19
pandemic Harmful diets and eating habits Several
studies suggested that high levels of systemic ad-
ipose tissue and intestinal inflammation are re-
sponsible for the severity of COVID-19."*1% An ex-
cessive amount of adipose tissue is associated
with the synthesis of proinflammatory cytokines,
as well as adipokines, and can lead to inflamma-
tion and oxidative stress. However, these 2 fac-
tors can be both the result and the cause of obe-
sity. Although oxidative stress is present during
infectious diseases, its impact on the severity of
the disease is not fully understood; however, sev-
eral pathological processes during infection are
associated with oxidative stress, and increased
generation of the reactive species can result in
fatal outcomes.'®

Several dietary patterns can contribute to an in-
creased inflammatory state and oxidative stress.
Oxidative stress activates the inflammatory kinases
and can affect insulin signaling, leading to diabetes.
In a study by Gil-Cardoso et al'” based on an ani-
mal model, the consumption of a high-fat (45%-
53% kcal from fat) and high-fructose diet—a caf-
eteria (CAF) diet—was a possible cause of intes-
tinal oxidative stress, not obesity itself. Addition-
ally, the CAF diet was associated with increased
production of reactive oxygen species, tumor ne-
crosis factor a (TNF-a), and myeloperoxidase in
the intestinal area. Interestingly, increased oxi-
dative stress was observed after approximately 17
weeks, while increased inflammation was seen ear-
lier. Moreover, significant gut dysbiosis could also
be associated with food additives, as well as the de-
ficiency of minerals and vitamins." On the other
hand, a Western-style diet (WD) most effectively
induced obesity and its comorbidities, indepen-
dently of major dysbiosis, when compared with
the CAF diet, high-fat diet (HFD), or low-fat diet.
Maternal consumption of a CAF diet during lac-
tation in rats resulted in an impaired metabolic
health of their offspring which was independent
of a higher body weight, although accompanied by
a higher fat accumulation.'® Additionally, the CAF
diet increased oxidative damage in the white adi-
pose tissue, which could disrupt tissue homeosta-
sis.?? According to Bortolin et al,?' the major cause
of changes in the microbiota was the CAF diet, not
obesity. It could be an essential observation, since
gut microbiota dysbiosis was found to be linked
with obesity and diabetes.??

Among other elements, the WD is character-
ized by a high intake of simple sugars and satu-
rated fatty acids (SFAs)—this dietary pattern is
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mostly seen in the developed or developing West-
ern countries. A high intake of SFAs and simple
sugars activates the innate immune system lead-
ing to chronic inflammation and, subsequently, to
an impaired viral defense mechanism. Moreover,
a high intake of SFAs activates the toll-like recep-
tor 4 on neutrophils and dendritic cells, which
leads to chronic low-grade inflammation.? Mice
fed with an HFD and a high-SFAs diet presented
an increased level of macrophages in the lungs
which consequently led to an increased level of
inflammation in the respiratory tract. Addition-
ally, the HED increased the infiltration of macro-
phages into the lung tissue, particularly to the al-
veoli.?* A decreased level of T-lymphocytes, CD4
and CD8* lymphocytes, as well as an increased lev-
el of proinflammatory Th17 cells in CD4 cells and
high cytostatic CD8" cell activity suggest a more
severe COVID-19 course.?® What is more, the WD
inhibits the function of T-lymphocytes by means
of an increase in oxidative stress which, in turn, af-
fects the growth and proliferation of T- and B-lym-
phocytes and induces apoptosis.?® It is also asso-
ciated with a higher prevalence of obesity and di-
abetes, and patients with these diseases are par-
ticularly susceptible to COVID-19.77

Alcohol use and the risk of infection Alcohol is
the most consumed psychoactive substance world-
wide; actually, it is estimated that about 2.4 bil-
lion people (1.5 billion men and 0.9 billion wom-
en) consume alcohol. In the Western countries,
8 to 12 liters of alcohol per citizen are consumed
every year.?® Alcohol sale and consumption have
increased during the COVID-19 pandemic, which
could be explained by the extended time spent in
social isolation, depression, loneliness, or finan-
cial problems.?® However, it should be noted that
an increase in alcohol sale cannot be used to reli-
ably assess the overall alcohol consumption, since
places where alcohol used to be regularly con-
sumed (eg, pubs, clubs, restaurants) were closed
during lockdown.* It is vital to bear in mind that
alcohol abuse can lead to serious health conse-
quences, both functional and psychiatric, and can
increase the number of falls, thus predisposing to
injuries.’' Elderly patients with several comorbid-
ities, including obesity, diabetes, cardiovascular
disease, and liver or autoimmune diseases are es-
pecially exposed to the harmful influence of al-
cohol use. Additionally, these patients are likely
to contract COVID-19 more frequently, and its
course tends to be more severe, often associat-
ed with acute respiratory distress syndrome and
a need for mechanical ventilation. In addition,
abusive alcohol use is associated with an increased
risk of viral and bacterial infections. In a meta-
-analysis by Simou et al,*? alcohol use increased the
risk of community-acquired pneumonia (CAP) by
83%, as compared with the nondrinking or less-
-drinking individuals (relative risk, 1.83; 95% ClI,
1.3-2.57). Additionally, every 10 to 20 g of etha-
nol increased the risk of CAP by 8%. In fact, Testi-
no et al*® demonstrated an additional correlation



between alcohol doses and viral infections. Chron-
ic excessive alcohol use can modulate both the in-
nate and acquired immunity. Ethanol may disrupt
the ability of immunological cells to recruit nat-
ural killer cells and thus inhibit the phagocytosis
or inflammatory response mechanisms.** Alcohol
affects natural killer cells by binding with target
cells, changing the profile of secreted cytokines
and influencing cytolytic activity.** Additionally,
chronic alcohol use can increase the risk of severe
influenza and elevate mortality levels by affecting
the response of CD8* lymphocytes.** In fact, alco-
hol consumption leads to a decrease in the level
of T-lymphocytes and affects their functioning.
What is more, it decreases the number of B-lym-
phocytes, affecting at the same time the produc-
tion of immunoglobulins. It is also associated
with the production of proinflammatory cyto-
kines—mostly interleukin (IL) 1, TNF-a, and IL-
-6—which are essential in the inflammatory pro-
cesses in the lung tissue during SARS-CoV-2 in-
fection.*® Among other mechanisms, alcohol can
reduce tension in the nasopharynx, which is as-
sociated with an increased risk of microaspira-
tion affecting the function of the macrophages
and causing undernutrition.*? SARS-CoV-2 binds
with the angiotensin-converting enzyme 2 (ACE-
-2) receptor; therefore, the increased expression
of this enzyme can be a risk factor of cell infec-
tion. In the process of invasion of the respiratory
epithelium, SARS-CoV-2 binds to the cell surface
of ACE-2, hence an increase in the expression of
this enzyme may be a factor contributing to cell
attack. Thus, it can be suggested that diabetic pa-
tients prone to chronic alcohol consumption, in
whom both the impairment of immune response
and cytokine storm are observed, are more sus-
ceptible to infection and more severe course of
the disease.?’*® What is more, alcohol use can af-
fect and disrupt blood glucose and insulin pro-
files.®® Although data regarding the association
between blood glucose profile and the course of
COVID-19 are imprecise and frequently contra-
dictory, there are many reports concerning se-
vere acute respiratory syndrome and HINI in-
fluenza in which patients with poorer glycemic
control presented an increased risk of infection
and death.*0#

Preventive measures during the COVID-19 pan-
demic are particularly necessary; thus, a reduc-
tion in alcohol use (to a maximum of 1 drink per
day) or total abstinence is recommended, espe-
cially among high-risk patients.

Healthy behavioral approaches during the COVID-19
pandemic During the pandemic, an immuno-
logical response is necessary for the prevention
of infection. A deficiency of protein, antioxida-
tive vitamins, zinc, or vitamins A and D can de-
crease the immunological response. On the other
hand, high intake of fiber has a protective effect
on the course of infection.*? It is worth noticing
that the abovementioned deficiencies are usually
present in patients with obesity and diabetes.*®

Body weight reduction and COVID-19 Oxidative
stress and inflammation can modify the response
of the immune system to infection. Chronic low-
-grade inflammation leads to impaired immuno-
logical response, increasing the risk of infection,
including that with SARS-CoV-2.* It is worth bear-
ing in mind that obese people show higher leptin
concentrations and lower adiponectin concentra-
tions, which can also lead to impaired function of
the immune system. Additionally, as mentioned
before, research indicates that in people with obe-
sity influenza lasts for a longer period than in in-
dividuals with normal body weight.*> Hence, it
seems that body weight reduction could consti-
tute another essential aspect in the prevention
of COVID-19, as well as other infections. What is
more, body weight reduction leads to a decrease in
the levels of inflammatory state markers and oxida-
tive stress.*® Additionally, weight reduction among
patients with overweight or obesity leads to a de-
crease in C-reactive protein (CRP) concentration. In
fact, Rejeski et al*” noticed that reductions in CRP
concentrations were greater when weight reduc-
tion was combined with resistance training. More-
over, it has been shown that in Italy, COVID-19 pa-
tients with overweight and obesity were younger
than patients with normal body weight and they
more frequently required ventilation and admis-
sion to an ICU.* It is essential to remember that
body weight reduction has several health benefits,
including reduced cardiovascular risk and improved
insulin sensitivity.* Taking into account the above-
mentioned facts, weight loss among overweight and
obese patients should be recommended in order to
decrease the risk of viral infection, possibly includ-
ing infection with SARS-CoV-2.

Vegetarian diet Vegetarian and vegan diets, which
eliminate some or all animal-based products, have
been gaining popularity, also in the Western coun-
tries. A healthy vegetarian diet, rich in whole grain
products, fresh fruit and vegetables as well as cof-
fee or tea, could reduce the inflammatory state
assessed by the concentration of high-sensitivity
CRP (hs-CRP) and transforming growth factor p.*°
Additionally, vegetarian diet can influence adipose
tissue inflammation by reducing femoral adipose
tissue macrophage.’' On the other hand, a study
by Menzel et al®? showed no differences between
vegans and omnivores in the levels of inflamma-
tory markers, for example, adiponectin, intracel-
lular adhesion molecule 1, IL-18, IL-1 receptor ag-
onist, omentin 1, or resistin. Currently, there are
no studies investigating the association between
the adherence to a vegetarian diet and the risk
for, or the course of COVID-19; however, there
is an urgent need to perform large cohort stud-
ies comparing the effects of a Western vegetarian
diet and the traditional Western diet on the prev-
alence of COVID-19.

Mediterranean diet The Mediterranean Diet
(MeD) is characterized by a high intake of whole
grain products, vegetables, fruit, olive oil, nuts,
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fish, and—in moderate quantities—red wine.
On the other hand, red meat, dairy products,
sweets and refined products are consumed less
frequently.®® This diet is rich in vitamins C, D,
and E as well as in zinc, calcium, iron, and other
anti-inflammatory and immunosuppressive nu-
trients.*® In fact, the dietary inflammatory in-
dex score was lower for the MeD than for a low-
-fat diet. Additionally, individuals with coronary
heart disease who followed the MeD had lower
levels of high-sensitivity IL-6 and higher levels of
hs-CRP, both of which were statistically insignifi-
cant.”® Similarly, Michalsen et al°® did not observe
any essential changes in hs-CRP, fibrinogen, fast-
ing insulin, lipids, and fatty acids concentrations
in patients with coronary heart disease following
the MeD. However, strict adherence to the MeD
was found to be associated with lower CRP, IL-6,
homocysteine, and fibrinogen concentrations in
comparison with lower adherence.”’ It has been
noticed that the concentrations of oxidised low-
-density lipoprotein significantly decreased among
individuals following a vitamin E-enriched MeD
when compared with those adhering to a high-fat
WD. What is more, the vitamin E-enriched MeD
reduced postprandial risk factors of cardiovascular
disease, such as oxidised low-density lipoprotein,
and the expression of inflammation- and oxida-
tive stress—related genes.*® Additionally, accord-
ing to the study by Casas et al,*® the MeD, sup-
plemented with extra virgin olive oil or nuts, was
associated with a significant decrease in the lev-
els of inflammatory biomarkers, such as CRP and
IL-6, when compared with a low-fat diet. Concen-
trations of hs-CRP, IL-6, IL-7, and IL-8, as well
as insulin resistance decreased among individ-
uals following the MeD.%° Moreover, there were
no differences in body weight among obese pa-
tients following a low-calorie vegetarian diet and
low-calorie MeD. Di Daniele et al®' demonstrat-
ed that higher adherence to the MeD resulted
in reduced body weight and adipose tissue con-
tent, particularly visceral fat, which could low-
er the risk of metabolic diseases and have a posi-
tive impact on their course. It was reported that
during the COVID-19 pandemic in Italy, more cit-
izens followed the MeD, especially in the northern
and central part of the country, where the citizens
presented with lower BMI values. In fact, research
suggests that the MeD is one of the most optimal
and beneficial dietary patterns and could consti-
tute a supportive treatment of COVID-19.%? How-
ever, it should be noted that despite the benefi-
cial influence of the MeD on the immune system
and metabolic disorders, the morbidity and mor-
tality of COVID-19 were high in Italy and Spain
where this diet is frequently followed.

Vitamin D and zinc  Sufficient concentration of
vitamin D is essential for a proper functioning
of the immune system, and the association be-
tween the vitamin D status and the risk for and
course of COVID-19 has been highly discussed.®?
Exposure to sunlight is an essential and the most
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important contributor to the production of vita-
min D in the human body. Although vitamin D
can be found in several food products, its con-
centrations in nonfortified products are gener-
ally insufficient in ensuring its proper status and
additional supplementation is needed and en-
couraged. It should be highlighted that limited
outdoor activity is associated with decreased sun
exposure, resulting in deficiency in vitamin D
which protects from viral infections by produc-
ing cathelicidins and defensins as well as decreas-
ing the inflammatory cytokines. As shown in
the current studies, the levels of outdoor activ-
ity are much lower during lockdown.'®-5* More-
over, vitamin D concentrations are usually lower
among the aging population or individuals with
obesity, and those groups are also more vulner-
able to COVID-19.% In a systematic review and
meta-analysis by Pereira et al,?® vitamin D defi-
ciency—observed more frequently (by 64%) in
severe than in mild cases—was not associated
with increased risk of COVID-19; however, in-
sufficient vitamin D concentration increased
the rates of hospitalization and mortality from
COVID-19. Similar results were observed in oth-
er studies.?’-5® Moreover, a negative correlation
between mean concentration of vitamin D and
the number of COVID-19 cases was observed.®®

Zinc is an important trace element in devel-
oping and maintaining a proper immune func-
tion; its deficiencies may alter the humoral and
cell-mediated immunity and increase the risk
of infectious disease.’’ Moreover, it maintains
the integrity of the skin and mucosal cell mem-
brane and protects cells from oxidants.”' It was
shown that the intake of zinc from poultry, red
meat, nuts, and pulses was associated with mild-
er course of severe acute respiratory syndrome.’?
It can be assumed that proper status of zinc
could be important during SARS-CoV-2 infec-
tions, and its deficiency could worsen the course
of COVID-19. Several clinical trials investigating
the efficacy and influence of drugs or nutrition-
al supplements with zinc on COVID-19 patients
have been conducted; however, in most of them,
the results regarding the influence of zinc on in-
dividuals with COVID-19 are not available yet (eg,
NCT04323228; NCT04342728; NCT04468139).

Gastrointestinal problems, intestinal microbiota,
and COVID-19 It is essential to remember that
COVID-19 can be associated with several gas-
trointestinal problems that affect around 5% to
50% of patients—the receptor for coronavirus is
ACE-2, which is also present in the cells of the di-
gestive system (enterocytes, colonocytes, stom-
ach mucosa, and esophageal cells).”® Currently,
there are only a few studies assessing the mu-
tual influence between the course of COVID-19
course and gut microbiota. “Healthy” microbi-
ota provide vitamins, maintain the integrity of
the mucosal barrier, regulate host immunity, and
are, alongside with the immune system, the first-
-line defense against pathogens; therefore, they



protect from the development of several dis-
eases.’” Their antimicrobial function is based
on the production of substances like bacterio-
cin and strife for the limited nutrients that in-
hibit pathogen colonization.’”®’® Gut microbio-
ta are also associated with the innate immune
system of intestinal mucosa due to direct inter-
actions with epithelial cells.”s?

Data from China showed that in some patients
with COVID-19 there was a dysbiosis of the gut
microbiota, with lower amounts of Lactobacil-
Ius and Bifidobacterium.”®"° Shen et al®® reported
that microbiota in patients infected with SARS-
-CoV-2 and those with CAP were similar, with
the advantage of pathogens or increased levels
of upper and oral respiratory commensal bacte-
ria. In China, 58% to 71% of COVID-19 patients
received antibiotics and diarrhea occurred in 2%
to 36% of patients.?"®? However, even though
probiotic administration is useful, it is unlikely
to have a direct effect on COVID-19 severity.”*
In the case of antibiotic use, probiotic treat-
ment was recommended in order to strengthen
the composition of gut microbiota. In 2 meta-
-analyses, minor effectiveness of probiotic ad-
ministration in decreasing the frequency and
duration of respiratory tract viral infection was
shown.??:8% According to the current data, about
2% to 47% of infected patients require invasive
mechanical ventilation.®"®* In 2 independent
randomized-controlled trials, probiotic admin-
istration (Lactobacillus rhamnosus GG, live Ba-
cillus subtilis, and Enterococcus faecalis) was as-
sociated with a less severe course of ventilator-
-associated pneumonia compared with placebo
among critically ill patients.?*-¢

Nutrients can promote or inhibit microbial
growth, and dietary patterns significantly affect
the composition of gut microbiota. Although
a strict association between gut microbiota and
COVID-19 is not known yet, focusing on the prop-
er diet in order to enhance the gut microbial com-
position seems reasonable. Dietary fiber, ferment-
ed food and nonalcoholic beverages, plant protein,
and the MeD have a favorable effect on intestinal
microbiota. On the other hand, the consumption
of the WD, animal protein, saturated fatty acids,
and simple sugars should be limited, since they
affect intestinal microbiota in a negative way.?’

Diet, COVID-19 symptoms, and pharmacological treat-
ment Apart from respiratory symptoms and ill-
nesses, other systemic disorders caused by SARS-
-CoV-2 infection may be noticed—symptoms
may include nausea, vomiting, diarrhea as well
as loss of taste and smell.®*-%* Interestingly, ol-
factory dysfunction can be considered an ear-
ly predictor for lower severity of COVID-19.%"%2
Among the Polish population, at least a single
gastrointestinal symptom was reported in more
than half of the patients, and almost 50% re-
ported olfactory and taste disorders.?® Moreover,
lack of appetite and diarrhea were reported by
17.6% of COVID-19 patients. Interestingly, those

symptoms were significantly higher among wom-
en than men. In the case of olfactory dysfunc-
tion, olfactory training (repeated and deliberate
sniffing of a set of odorants for 20 seconds each
at least twice a day for 3 months or longer) can
be considered among patients with COVID-19
since it was reported to improve postinfectious
smell dysfunctions.®**® Moreover, among patients
who had undergone endoscopic resection of sel-
lar and parasellar masses, omega-3 supplementa-
tion possibly protected from olfactory loss; how-
ever, these results were not confirmed in patients
with SARS-CoV-2 infection.®®

Currently, the pharmacotherapeutic protocol
for patients with mild and moderate COVID-19
course includes corticosteroids (dexamethasone,
methylprednisolone), remdesivir, tocilizumab,
and nonsteroidal anti-inflammatory drugs (for
treatment of fever).’” However, all these drugs
can also negatively affect the gastrointestinal sys-
tem. For example, according to the product char-
acteristics, remdesivir can increase liver parame-
ters (alanine aminotransferase and aspartate ami-
notransferase), and the uncommon side effects
of tocilizumab include diverticulitis, stomach ul-
cer, swollen red areas in the mouth, and gastritis.
Commonly, diarrhea and stomach pain may occur.
Moreover, metamizole—used for the treatment
of fever—can also cause diarrhea. On the oth-
er hand, the use of corticosteroids can increase
the risk of ulcer disease. However, due to the na-
ture of the disease and the risk of cytokine storm
and severe respiratory failure, all of the treatment
recommendations should be followed (according-
ly to the severity of the disease), and nutrition-
al support should be implemented if necessary.

Therefore, considering the adverse effects
of pharmacotherapy and the high frequency of
gastrointestinal symptoms among patients with
COVID-19, appropriate food intake can be dis-
rupted, thus affecting the nutritional status. In
this regard, several dietary approaches (presented
in TABLE 1) could be proposed to reduce the severi-
ty of symptoms. A proper energy intake, adjusted
to the body’s needs, is associated with proper im-
mune response against a viral infection. Further-
more, SARS-CoV-2 infection may negatively im-
pact the nutritional status and increase the risk
of malnutrition.’®*® Undernourished patients
have decreased muscle strength and mass, which
can impact the function of respiratory muscles.
When a patient is not able to meet the dietary re-
quirements and sustain a proper nutritional sta-
tus, oral nutritional supplements (ONS) should
be considered. This recommendation particular-
ly refers to hospitalized and older individuals. In
these 2 groups of patients with a good prognosis,
enteral nutrition (EN) should be introduced re-
gardless of the nutritional state, in case they are
unable to consume a sufficient amount of ener-
gy via the oral route. However, if EN is contra-
dicted or insufficient, parenteral nutrition (PN)
should be considered. Consequently, if COVID-19
patients cannot reach the recommended caloric
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TABLE 1 Nutritional and behavioral approaches addressing common gastrointestinal symptoms

Symptom Nutritional and behavioral approaches

Nausea and vomiting

* Choosing food products that are easy to chew, swallow, and digest

 Consuming soups, juices (especially apple and grape), purees, frozen popsicles
* Eating small portions, but more frequently (including fluids)
* Trying to consume products at cool (or room) temperature

* Avoiding spicy foods

* Increasing fluid intake (possibly electrolytes)
* Avoiding products that worsen the symptoms and replacing them with other food

products

Diarrhea * Choosing food products with soluble fiber (eg, bananas, rice, apples, pumpkins,
carrots) and avoiding insoluble fiber

« Eating small portions, but more frequently
* Increasing fluid intake (also those with astringent properties), possibly including

electrolytes

Loss of smell and/or taste

* Trying to consume products at room temperature

* Including aromatic spices

¢ Including delicate, but flavor-intensive sauces

* Possible olfactory training

* Monitoring food expiration dates and nutritional intake

Note: nutritional screening tools must be used among hospitalized patients and considered among patients with mild
and moderate course of the disease, especially when they experience weight loss.

intake, ONS should be introduced, and if this
measure is not sufficient, EN or PN should be im-
plemented.'’® According to the American Society
for Parenteral and Enteral Nutrition, early intro-
duction of EN is recommended in every COVID-19
patient requiring intensive care. The treatment
should start within the first 36 hours since ad-
mission to the ICU or within the first 12 hours
since the initiation of mechanical ventilation. If
EN is not possible, PN should be used, especial-
ly among high-risk patients.

Conclusions  Due to the fact that obesity, T2DM,
and SARS-CoV-2 infection have all been associ-
ated with behavioral risk factors, it is crucial to
adopt proper nutritional and lifestyle approach-
es (FIGURE 1). Furthermore, according to the di-
etary recommendations, a physically active life-
style is also vital, as it may potentially prevent
SARS-CoV-2 infection and accelerate recovery
from COVID-19. Since all of these diseases are ac-
companied by inflammation and oxidative stress,
an anti-inflammatory diet, rich in whole grain
products, dairy, plant protein, as well as fresh
fruit and vegetables, should be implemented in
the groups of patients at high risk. Additionally,
it is beneficial to avoid the WD due to its negative
influence on viral defense mechanism. In conclu-
sion, a strategy for combating obesity and tack-
ling the increasing occurrence of T2DM, which
would include behavioral approaches, is partic-
ularly necessary during the COVID-19 pandem-
ic. Promoting healthy diet by means of nutri-
tion education should be performed mainly in
the Western countries, where a high consumption
of the WD increases the risk of SARS-CoV-2 in-
fection, thus, indirectly, also potentially increas-
ing the risk of COVID-19. This field, however, re-
quires further research.
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Practical behavioral recommendations are sum-
marized below.

+ During the pandemic, focus on your diet and
lifestyle behaviors as they are essential in the pre-
vention of COVID-19 and may affect its course.

« Pay attention to alcohol consumption, as
there may be a chance it has increased during
the COVID-19 pandemic. Try to limit it to 1 drink
per day.

+ Consider the supplementation of vitamin D;
although it can be synthesized in the skin from
May to September (in Poland), you possibly do not
meet the criteria for the proper synthesis due to
lower outdoor activity or remote working. Con-
sult with your healthcare provider in order to es-
tablish the correct dosage.

« Try for your diet to include food products rich
in fiber, zinc, iron, and vitamins (especially A, C, D,
and E) and try to increase the consumption of fresh
vegetables and fruit. Include vegetable oils in your
diet and try to limit the consumption of processed
food, sweets, and sweetened beverages (you may re-
place them with those sweetened with low-calorie
sweeteners). Remember: these small actions may
improve your health and immune system.

« If your BMI is higher than 24.99 kg/m? (espe-
cially when it exceeds 29.99 kg/m?), try to focus
on your diet, also in the context of the number of
calories you consume. Decrease it by 10% to 20%
and introduce regular physical activity adjusted to
your preference, abilities, and government restric-
tions. Remember: even a small reduction in body
weight may positively influence your health and
improve the course of potential SARS-CoV-2 in-
fection—try to take care of it from now on.
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FIGURE 1
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Behavioral and nutritional aspects essential in preventing viral infections. In order to prevent SARS-CoV-2

infection, several behavioral and nutritional aspects are essential. First, it is vital to wear a mask properly along with
hand and surface disinfection practices. Second, decreasing sedentary lifestyle and increasing physical activity
(adjusted to the current government regulations), accompanied by proper nutritional habits (decreased consumption of
alcohol, trans- and saturated fatty acids, and processed food with increased consumption of fresh vegetables and fruit,
whole grains, and healthy—vegetable and fish-derived—fats) are recommended. It is also essential to take care of
the psychological well-being, as it can significantly worsen during the lockdown.
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